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PROCESS FOR THE PRESSURELESS 
SINTERING OF METAL ALLOYS; AND 

APPLICATION TO THE MANUFACTURE OF 
HOLLOW SPHERES 

CROSS-REFERENCED TO RELATED 

APPLICATION(S) 

This application claims the bene?t of US. Provisional 
Application 60/414,534, ?led on Jul. 20, 2005, and claims 
priority of France Patent Application No. 0507256, ?led on 
Jul. 7, 2005. 

The invention relates to a process for binding metal bodies 
together by sintering. 

The sound emission from a commercial aircraft may reach 
up to 155 dB at take-off, a value above the auditory pain 
threshold estimated to be 130 dB. It is therefore desirable to 
reduce this level of sound emission. One Way of trying to 
solve this problem consists in absorbing the noise at one of its 
points of emission, that is to say at the engines. Solutions have 
already been developed in the “cold” parts of engines, but the 
“hot” parts have at the present time not been the subject of any 
acoustic treatment. It is therefore desirable to develop a mate 
rial having an acoustic absorption function designed for the 
hot parts of aircraft engines. To do this, it is contemplated to 
develop a noZZle capable of partly absorbing the noise pro 
duced inside the engine. 

Moreover, the manufacture of systems capable of absorb 
ing a large amount of kinetic energy, While still having a very 
loW Weight, is of undeniable advantage for ful?lling a func 
tion of protecting both people and property. 
One system that can meet these various speci?cations 

involves the use of cellular materials based on spheres. 
HoWever, at the present time only nickel-based spheres and 

ceramic or organic spheres are commercially available. 
Assembling these elements by sintering does not alloW an 
in?nite variety of desirable combinations for achieving the 
above objectives and furthermore the temperature capabili 
ties are extremely limited, as regards both mechanical 
strength and resistance to the oxidizing and corrosive envi 
ronment encountered in aircraft engines. 

PoWder metallurgy can be used to reproduce a bulk metal 
alloy by sintering its poWder. There are many methods of 
densi?cation, namely dynamic or isostatic pressing, com 
pacting, etc., these methods being applied at high tempera 
ture, i.e. at about tWo-thirds of the melting point. In contrast, 
densi?cation by natural sintering at the same temperature, 
that is to say Without the application of external pressure other 
than the Earth’s gravitational ?eld, results in a porous alloy. 

To solve these di?iculties, it Was decided to study a novel 
material Which Would have the folloWing advantages: 

construction from a metal alloy resulting from poWder 
metallurgy, but densi?cation of the alloy taking place 
Without the use of external pressure; 

possibility of having performance characteristics predicted 
in a speci?cation obtained from modeling; 

possibility of being made of the material most suited to the 
use; 

possibility of having dense Walls in a single operation; and 
possibility of being multifunctional. 
The invention relates to a process for binding metal bodies 

together by sintering, in Which the said bodies are heated in a 
high vacuum in the presence of an organic substance, at a 
temperature at least equal to the melting point of a eutectic 
betWeen carbon and the metallic constituents of the said bod 
1es. 

Optional features of the invention, either additional or 
alternative, are given beloW: 
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2 
The said vacuum is better than 10'3 Pa. 
The said vacuum is better than 10'4 Pa. 
The sintering is carried out in the absence of mechanical 

stress. 

The said bodies are poWder grains. 
A blend of a metal poWder, an organic binder and, Where 

appropriate, a solvent is heated under the said vacuum at 
the said temperature in order under the said vacuum at 
the said temperature. 

A multiplicity of solid cores made of an organic material, 
each covered With a blend of a metal poWder and an 
organic adhesive, is heated under the said vacuum at the 
said temperature in order to obtain a multiplicity of 
holloW metal bodies having substantially the shape and 
the dimensions of the starting cores, these bodies being 
bonded together by sintering. 

A multiplicity of holloW metal bodies bonded together by 
means of an organic adhesive is heated under the said 
vacuum at the said temperature, bonding by sintering 
replacing the bonding by adhesion. 

The sintering is folloWed by a decarburiZation treatment. 
The said metal bodies are made of nickel and/or cobalt or 

alloys of these metals, in particular superalloys based on 
nickel and/ or cobalt. 

According to one aspect of the invention, the ?nal object is 
obtained from a mould or a preform into Which a metal 
poWder is introduced, the said poWder being prepared so as to 
form a slip or paste or any other thixotropic blend easy to 
inject. 

According to another aspect, a metal poWder is deposited 
on the surface of bodies such as balls. To do so, the poWder of 
the alloy desired for the shell is bonded to the surface of the 
spheres. 

Thus, the invention may comprise the folloWing steps: 
production of a metal alloy poWder/ organic precursor 

blend so as to obtain a thixotropic blend capable of being 
injected into a mould or preform; 

application, so as to form a holloW sphere; and 

optional protection of the material by aluminiZing. 
In the case of the manufacture of holloW spheres, it is 

possible to use loose stacking techniques Without recourse to 
the teachings of FR 2 585 445 A. 
The invention relies on the folloWing observations. 
1. An organic body, that is to say one consisting of mol 

ecules based on the chemistry of carbon, When it is subjected 
to a high vacuum (P<l0_4 Pa) and to a high temperature 
(T>l50o C.), goes from the solid (or liquid) state to the vapor 
state, either by direct evaporation or sublimation or by 
decomposition into one or more elementary substances Which 
themselves may be converted into the vapor state. For suitably 
chosen organic substances, more than 90% of the material 
thus exposed to the vacuum at high temperature Will vaporiZe. 
HoWever in particular if decomposition takes place, there 
may remain on the surface of the container of the said organic 
substance traces of elemental, and therefore highly reactive, 
carbon. 

2. A lightly oxidiZed metal element, that is to say one 
covered With a spontaneous layer of oxides resulting from this 
material coming into contact at room temperature With an 
atmosphere rich in oxygen and in Water vapor, and brought 
into contact With elemental carbon under a vacuum of better 
than 10'4 Pa and at a temperature above 5000 C., is sponta 
neously deoxidiZed according to the folloWing reactions: 
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3. It is possible to obtain eutectic melting using carbon as 
?ux. The following form in particular a eutectic reaction with 
carbon: Co (Tm:1320° C.), Cr (Tm:1534° C.), Fe (Tm:1153° 
C.), Ni (Tm:1326° C.) and Pd (Tm:1504° C.). It is therefore 
readily possible to obtain sintering with any alloy powder 
whatsoever, especially one based on nickel and/or cobalt. To 
do this, all that is required is to reduce to powder form the 
alloy that is desired tc reproduce (advantageously, but not 
necessarily, with particle siZes centered on 40 um) and to 
make a slip using the powder to which a binder has been 
added, the said binder possibly being, for example, an epoxy 
adhesive diluted in ethyl alcohol, polymethyl methacrylate 
dissolved in acetone or methyl cellulose dissolved in water. 
The blend thus formed is dried in an oven (T>80° C.) so as to 
drive off the solvent (ethyl alcohol, acetone or water or any 
polar solvent). It is then put into a chamber under a vacuum of 
better than 10'4 Pa and annealed to above the melting point of 
the metal/carbon eutectic. At the end of the experiment what 
is obtained is the reproduced starting alloy, and chemical 
analyses carried out on the cast ingot obtained show that the 
contamination with carbon remains within the tolerance lim 
its. This technique is applicable to the manufacture of hollow 
spheres made of a superalloy. 
The invention is illustrated below by non-limiting 

examples. 

EXAMPLE I 

The aim was to sinter Astroloy powder, Astroloy being a 
superalloy based on nickel having the following composition 
in percent by weight: Cr 15, Co 17, Mo 5.3, A1 4.0, Ti 3.5, C 
0.06, B 0.03 and Ni the balance up to 100, in order to repro 
duce the initial superalloy. To do this, the above powder was 
mixed with polyvinyl alcohol and with water as solvent. The 
slip obtained contained 60% metal powder by volume. After 
heating in an oven for 16 hours at 80° C. for the purpose of 
removing the water, the assembly was placed in a chamber 
under a vacuum of better than 10'3 Pa. The assembly was 
heated slowly (at about 1° C. per minute) until the decompo 
sition temperature of the organic binder (about 450° C.) was 
reached. After a temperature hold for about two hours, the 
assembly was then heated up to 1250° C. at a rate of 100° C. 
per minute. After a hold for ten minutes, the assembly was 
rapidly cooled down to room temperature. 
What was obtained from the oven was a solid material, free 

of any porosity. Metallographic examination revealed the 
conventional structure of the starting superalloy, namely a 
y-nickel matrix in which Ni3 (Al,Ti) y'-precipitates were dis 
persed. The chemical composition was consistent with that of 
the initial material. 

If an excess of carbon was detected, the content of this 
element could be reduced by a decarburiZation treatment, 
such as a heat treatment in wet hydrogen, well known to those 
skilled in the art. 

EXAMPLE II 

A technique consisting in adhesively bonding superalloy 
powders directly to the surface of balls was used. Compared 
with composite electroplating, the adhesive bonding tech 
nique makes it possible to obtain spheres with a composition 
that is much closer to that of a superalloy. In fact, it offers the 
possibility of an in?nite number of chemical compositions, 
these depending on the nature of the powder used. 

The powders were directly bonded to the surface of spheri 
cal polystyrene supports using the following operating 
method: 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
about 90 cm3 of Astroloy powder (D50 210 um) were 

blended with 10 cm3 of epoxy adhesive of the 
ARALDITE 201 1 brand in a watch glass using an appli 
cator gun that allowed the various quantities of adhesive 
and hardener to be metered in order to obtain the opti 
mum blend recommended by the manufacturer; 

in a second stage, a hundred or so polystyrene balls were 

then added thereto; 
the balls were then rolled in the powder/epoxy adhesive 

blend using a second watch glass; and 
as soon as the entire surface of the supports was covered, 

the balls thus coated were placed on a perforated tray and 
oven-dried at 60° C. 

The powder/adhesive thickness obtained was about 0.1 
mm. 

To maintain suf?cient mechanical strength of the sphere 
that will become hollow by removal of the support, a novel 
type of heat treatment was developed. This involved placing 
the balls on a support of appropriate shape according to the 
?nal structure to be obtained, for example aV-shaped support 
in order to obtain a compact stack, and these were then placed 
in a vacuum oven in an alumina pot provided with an aper 
tured lid intended to keep the balls in place during the pump 
ing operations. Once a vacuum of better than 10-3 Pa was 
obtained, the following heat treatment was applied: 

temperature rise at 05° C. per minute up to a temperature 
of 450° C.; 

temperature hold for 120 minutes; 
temperature rise at 100° C. per minute up to a temperature 

of 1250° C.; 
temperature hold for 20 minutes; and 
rapid cooling (from 1250° C. down to 600° C. in about 20 

minutes). 
This procedure was chosen for its ease of processing, mini 

miZing the number of steps for the purpose of easier indus 
trialiZation for a de?ned application. During the vacuum 
annealing, the polystyrene and the epoxy adhesive together 
enrich the surface of each powder grain with a little elemental 
carbon. Once this carbon has formed, each powder grain then 
undergoes a deoxidation reaction. Finally, when at the melt 
ing point of the eutectic formed by carbon with Ni and the 
other constituent elements of the superalloy, i.e. 1250° C., the 
surface of each powder grain undergoes partial melting. In 
addition, owing to the presence of a liquid phase the balls in 
the process of being formed join together. This technique 
makes it possible to obtain an entirely satisfactory structure 
formed from a multiplicity of nickel-based superalloy balls. 

EXAMPLE III 

The purpose of this example was to carry out eutectic 
braZing simply by contaminating pure nickel objects with 
carbon. More particularly, the aim was to bond together hol 
low pure nickel spheres supplied by the French company 
Ateca. 
The balls were bonded with the epoxy adhesive 

ARALDITE 2011 diluted in alcohol, the purpose of this 
dilutionbeing to increase the handling time of the balls before 
curing. After an oven treatment in air at a temperature of 80° 
C. for a time of 2 hours, the set of balls was placed in a 
chamber under a vacuum of better than 10'3 Pa. The whole 
assembly was then subjected to the following heating pro 
gram: temperature rise at 100° C. per minute up to a tempera 
ture of 1350° C., temperature hold for 10 minutes and rapid 
cooling (from 1350° C. to 600° C. in about 25 minutes) After 
cooling, it was found that the balls were braZed together, as 
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shoWn by the menisci formed at their points of contact. It Was 
impossible to separate the balls. 

For comparison, spheres taken from the same batch Were 
carefully degreased and subjected to the same vacuum heat 
treatment. At the end of the experiment, no meniscus had 5 
formed at the points of contact. Only a small amount of 
interdi?usion Was observed at the same points of contact, but 
the balls Were easily separated. 
Of course, it is possible to apply the invention to metallic 

The invention claimed is: 
1. Process for binding metal bodies together by sintering, 

comprising: 15 
bonding by adhesion the metal bodies together by an 

organic substance; 
heating the metal bodies in a vacuum better than 10'4 Pa, at 

a temperature at least equal to the melting point of a 
eutectic betWeen carbon and the metallic constituents of 20 
the metal bodies; 

decomposing the organic substance due the heating of the 
metal bodies; 

producing elemental carbon by the decomposed organic 
substance; 

deoxidiZing the metal bodies by the produced elemental 
carbon; 

utiliZing the produced elemental carbon as a ?ux to obtain 
a eutectic melting of the metal bodies; and 

25 

6 
replacing the bonding by adhesion of the metal bodies With 

bonding by sintering of the metal bodies together. 
2. Process according to claim 1, in Which the sintering is 

carried out in the absence of mechanical stress. 
3. Process according to claim 1, in Which the metal bodies 

are poWder grains. 
4. Process according to claim 3, in Which a blend of a metal 

poWder and an organic binder and/ or a solvent is heated under 
the vacuum at the temperature. 

5. Process according to claim 3, in Which a multiplicity of 
solid cores made of an organic material, each covered With a 
blend of a metal poWder and an organic adhesive, is heated 
under the vacuum at the temperature in order to obtain a 
multiplicity of holloW metal bodies having substantially the 
shape and the dimensions of the starting cores, these metal 
bodies being bonded together by sintering. 

6. Process according to claim 1 in Which a multiplicity of 
holloW metal bodies bonded together by means of an organic 
adhesive is heated under the vacuum at the temperature, 
bonding by sintering replacing the bonding by adhesion. 

7. Process according to claim 1, in Which the bonding by 
sintering is folloWed by a decarburiZation treatment. 

8. Process according to claim 1, in Which the metal bodies 
are made of nickel and/ or cobalt or alloys of these metals. 

9. Process according to claim 1, in Which the metal bodies 
are made of superalloys based on nickel and/ or cobalt. 

* * * * * 
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